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Abstract
Hydrophilic interaction liquid chromatography coupled to mass spectrometry was employed for simultaneous determina-
tion of vitamin B6 and catechins in dietary supplements. The obtained results clearly shows the potential of the application 
of alcohol eluent (instead mainly used acetonitrile) as a component of an with zwitterionic stationary phase. The limits of 
detection on ZIC-HILIC column were 0.01 mg/L for catechins and vitamins B (only for pyridoxal phosphate was 0.10 mg/L). 
The investigations between green tea extract (GTE) and vitamin B were also evaluated using isobolographic analysis as 
well as the interaction indexes. Antioxidant activities of single components and their mixtures were determined by DPPH 
assay. It was found that the mixtures of GTE and vitamin B acted synergistically. In comparison to GTE alone, faster DPPH 
radical bleaching of the mixtures was observed in the presence of different forms of vitamin B6 (pyridoxine, pyridoxal, or 
pyridoxal phosphate), particularly for pyridoxal.
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Introduction

Green tea is a worldwide consumed beverage owing to its 
health-promoting effect caused by the bioactive compounds, 
such as caffeine, amino acids, and several polyphenols [1, 2]. 
Their popularity recently increased with scientific evidences 
that demonstrate its beneficial health effects, such as reduced 
risk of cardiovascular and degenerative diseases, likely due 
to the antioxidant properties of polyphenols [3, 4]. These 
compounds exert their antioxidant and antiradical proper-
ties by several mechanisms, including direct scavenging of 
reactive oxygen species, chemical reducing activity, compl-
exation of pro-oxidant metal ions, activation of antioxidant 

enzymes, and inhibition of oxidases [5]. It should be men-
tioned that different kinds of teas have different phenolic 
profiles, which impact antioxidant capacities, and antibacte-
rial and antiproliferative activities [6]. Recent studies con-
firmed that green tea catechins inhibit microglial activation 
which prevents the development of neurological disorders 
[7]. Catechins have also been shown to play a significant role 
in cancer prevention and therapy [8]. Recently also epigal-
locatechin esters are synthesized and studied as potential 
sources of antioxidants [9]. It needs to be highlighted that 
green tea as well as green tea catechols cannot replace the 
standard chemotherapy. Nonetheless, their beneficial effects 
may support the standard anticancer approach. The grow-
ing interest in therapeutic drugs with less or no side effects 
resulted in discussion about the potential of flavonoids in 
pain and inflammation [10]. Until now the mechanism of 
action of flavonoids is not fully understood, but many clini-
cal studies showed their relevance as a potent anti-inflamma-
tory, analgesic and antioxidative group of molecules.

In recent years, dietary supplements and nutraceuticals 
have received considerable interest due to potential nutri-
tional and therapeutic effects [11]. Nutraceuticals from 
green tea extracts are sold in different forms, such as pills, 
capsules, powders, or drinks, and could contain also some 
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vitamins or minerals [12, 13]. They have been used to cure 
nutritional deficiencies, weight loss, lowering cholesterol 
levels, and protecting skin from sun damage.

Vitamin B6 is involved in the metabolism of proteins, 
fats, and carbohydrates as it is an essential cofactor of 
numerous enzymatic reactions [14, 15]. This vitamin is 
also closely linked with the functions of the nervous and 
immune systems [16]. The recent studies indicate that it 
can be beneficial as a nutritional supplement as well as a 
pharmacological agent for disease treatment [15, 17]. It was 
demonstrated that pyridoxine, one of the forms of vitamin 
B6, may scavenge the hydroxyl, peroxyl radicals and thus 
inhibits lipid oxidation [17].

The aim of this study was the chromatographic separa-
tion of different chemical forms of vitamin B6 and catechins 
in commercially available dietary supplements as well as 
to evaluate the antioxidant interactions between green tea 
polyphenols and vitamin B employing scavenging of the 
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical. The isobolo-
graphic analysis and interaction indexes, both used in phar-
macy and phytomedicine to study the interactions between 
drugs, were used to characterize the potential additive, syn-
ergistic, or antagonistic effects [18].

Materials and methods

Reagents and samples

The commercial standards of green tea extract (GTE) and 
vitamins B (pyridoxine, pyridoxal, and pyridoxal phosphate) 
were purchased from Sigma (Steinheim, Germany). Acetoni-
trile (ACN), methanol (MeOH), and ethanol (EtOH) were 
of HPLC grade from Merck (Darmstadt, Germany). Formic 
acid used for mobile phase preparation was purchased from 
Merck (Darmstadt, Germany).

Dietary supplements were purchased in a local drugstore 
in Warsaw. All of them contained vitamin B6 and green 
tea extracts, other fruit extracts, or bioflavonoids. The sup-
plements used in the study were as follows: Vitalsss Plus 
Multiwitamina (S1), Vigor UP! (S2), Wita-min plus (S4), 
which were standard vitamin preparations, Cidrex Plus (S5) 
supporting weight loss, Climea Forte (S6) and Floradix (S7) 
dedicated to women during menopause or effort increase, 
and Skin Beauty (S3) improving skin condition.

Extraction procedure

Each tablet was milled in a mortar (LLG Labware, Ger-
many) and dissolved in 10 mL distilled water. The samples 
were then shaken vigorously for 30 min and degassed in an 
ultrasonic bath for 10 min. After filtration through a 0.22 µm 
PTFE filter, they were directly injected into HPLC system.

Antioxidant activity

The ability to scavenge free radicals by green tea extract 
was tested using the DPPH radical method previously 
described by Pyrzyńska and Pękal [19]. The method is based 
on the reaction between the methanolic solution of DPPH 
(9 × 10–5 mol/L) and the sample, mixed in a proper ratio 
(2.4 mL of radical solution and 0.1 mL of a sample). In this 
case, sample means individual components or their mixtures 
as it is explained in section Isobolographic analysis. The 
decrease in absorbance was measured 30 min after mixing at 
518 nm using Lambda 20 Perkin Elmer spectrophotometer.

Instrumentation

Chromatographic analysis was performed with the Shimadzu 
LC system consisted of binary pumps LC20-AD, degasser 
DGU-20A5, column oven CTO-20AC, autosampler SIL-
20AC, and 8030 triple quadrupole Mass Spectrometer (Shi-
madzu, Japan) equipped with an ESI source operated in 
negative or positive ion mode, according to the determined 
species. The ESI conditions were as follows: the capillary 
voltage 4.5 kV, temperature 400 °C, the source gas flow 3 L/
min, and drying gas flow 10 L/min. For each compound, 
the optimum conditions of Multiple Reaction Mode (MRM) 
were determined (Table 1S.). The quantification of vitamin 
B6 was done in positive ion mode, while for the catechins 
the negative ion mode was used. The selection criterion was 
higher detection sensitivity, which was optimized for each 
analyte individually.

Compounds were separated on SeQuant™ ZIC-HILIC 
column (100 × 2.1 mm, 3.5 µm) from Merck (Darmstadt, 
Germany). For the separation of all studied compounds, 
mobile phase containing 8 mM formic acid at pH 2.8 (elu-
ent A) and organic solvent (ACN, MeOH, or EtOH—eluent 
B) was used in gradient elution. The gradient profile was as 
follows: 0–3 min 80% B, 4–7 min 50% B, 8–12 min 70% B, 
and 13–20 min 80% B. The mobile phase was delivered at 
0.2 mL/min.

Isobolographic analysis

For characterization of antioxidant effect between GTE and 
pyridoxine (PE), isobolographic analysis was used. It is 
based on the construction of line so called isobola. It is a 
link between the  EC50 values obtained for individual studied 
components. In other words, it is also theoretical additive 
line. The nature of the interaction between the GTE and PE 
is determined by the location of the points corresponding 
to the antioxidant capacity of their mixtures. If the points 
are located below the isobola curve, the observed effect is 
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synergistic, while if they are located above it, the effect is 
antagonistic. The mixtures of GTE and PE were prepared in 
concentration ratios as follows: 10:1, 5:1, 2:1, 1:1, 1:2, 1:5, 
and 1:10. Five different mixtures of GTE and PE in the same 
concentration ratio was measured. Moreover, each sample 
was analyzed in triplicate.

Statistical analysis

The presented results are obtained from at least three inde-
pendent experiments and presented as average ± standard 
deviation. One-way ANOVA and Turkey test were used to 
determine the difference of means. Significance was defined 
at P values < 0.05.

Results and discussion

For the chromatographic separation of vitamins from B 
group, usually reversed-phase mode is used. Vitamin B6 
was determined in dietary supplements [20, 21], vegetables 
[22, 23], or in the urine samples [24] using C18 stationary 
phase. Pyridoxine was separated from other water-soluble 
vitamins also using diol column in HILIC mode with 90:10 
(w/v) ACN–water containing 5 mM ammonium acetate 
(pH 5.0) as mobile phase [25]. In this study, HILIC mode 
with ZIC-HILIC column was applied for the simultaneous 
determination of different chemical forms of B6 vitamin 
and catechins. Zwitterionic stationary phase contains two 
active groups––strongly acidic sulfonic acid group and 
strongly basic quaternary ammonium group. Both groups 
are present at 1:1 M ratio. The positive charge is close to the 
surface, while the negative charge is in the terminal of the 
bonded ligand and thus is more accessible for the analytes 
[26]. Water is an essential component of the eluents used in 
HILIC mode, because it maintains stable layer onto polar 
stationary phase. Weaker solvent (organic one) is needed to 
decrease the overall polarity of the whole eluent, and thus, 
the analytes can be distributed into eluent and water layer. 
Acetonitrile, methanol, and ethanol were studied as the 
main components of mobile phases. In general acetonitrile, 
a polar aprotic solvent is proven to be the best solvent to 
be used in HILIC mode. Alcohols as methanol, ethanol, or 
even isopropanol are not widely used; however, some studies 
showed that they compete for active polar sites on a station-
ary phase with analytes, whose retention is based on strong 
hydrogen bonding [25, 27, 28]. Typically the retention time 
of the analytes increases with the increasing number of 
carbons in the alcohol molecule [29]. The overall solvent 
strength of the eluents used in this study is in the order: 
acetonitrile < ethanol < methanol < water.

The obtained results clearly shows that using alcohol 
as an organic component of mobile phase is beneficial for 

the separation, mainly catechin and epicatechin as well as 
pyridoxine and pyridoxal as shown in Fig. 1. The applica-
tion of alcohol instead acetonitrile resulted in changing the 
elution order and increasing the peak intensity. Methanol is 
known for its strong ability for hydrogen bonding and may 
disturb the formation of water layer onto polar stationary 
phase. When it replaces the water molecules in such layer, 
the analytes with strong hydrogen-bonding potential are less 
retained [27]. In a comparison to acetonitrile, the use of 
methanol enhances the signal intensity but did not resolve 
the problem of coelution. Only the use of ethanol, which lies 
in the eluotropic series between ACN and MeOH, allows the 
analytes to be separated. No significant changes in reten-
tion times were observed when methanol was replaced by 
ethanol. The lack of coelution was the criterion why it was 
chosen to use an organic component of mobile phase, even 
if the intensity of the signals were slightly lower than those 
obtained for methanol.

The optimized composition of the eluent in ZIC-HILIC 
method was applied for the determination and quantification 
of catechins and vitamins B6 in commercially available die-
tary supplements (Table 1). The obtained contents of vita-
min B6 are in agreement with the information given by the 
producer. Catechins were found in all tested supplements; 
however, only information on their content was placed on the 
S5 packaging. It should be highlighted that every addition 
of plant extracts (not only green tea) to the supplement may 
result in the presence of catechins in it.

The possible interaction between the constituents of die-
tary supplements or nutraceuticals may enhance or diminish 
the final antioxidant potential in the mixture [30–33]. The 
antioxidant interactions (synergic, additive, or antagonistic 
effects) of green tea extract in combination with vitamin B6 

Fig. 1  The impact of organic component of mobile phase on the sepa-
ration of vitamin B6 and catechins. Gradient elution: 0–3 min 80% B, 
4–7 min 50% B, 9–13 min 70% B, and 13–20 min 80% B, where A is 
8 mM HCOOH (pH 2.8) and B is organic component: ACN, MeOH, 
or EtOH
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at different ratios were evaluated using the DPPH method 
and isobolographic analysis. The isobole method is inde-
pendent of the mechanism of action and applies under most 
conditions [17]. The antioxidant activity was expressed 
in terms of  EC50 value, i.e., the concentration (in mg/L) 
required to scavenge 50% of DPPH radicals calculated by 
a linear regression analysis [34]. Seven independent sam-
ples (different concentrations of GTE and vitamin B, but 
the same concentration ratio) were analyzed, and the  EC50 
values for these mixtures were calculated. The constructed 
isobola (Fig. 2) shows GTE extracts and B6 vitamin syn-
ergistic antioxidant interaction is observed. Exceptions to 
this trend are points designated for mixtures with a large 

excess of vitamin or in which GTE and B6 levels in the mix-
ture were equal. These points lie above the additive line. A 
common theme in the scientific literature is that interactions 
between antioxidant molecules do occur, but a mechanism 
that allows a prediction of synergistic and antagonistic inter-
actions is not clear. The kind of interaction depends greatly 
of the specific antioxidants interacting in the system and 
the condition behind the evaluation [35–37]. The knowledge 
about the interaction between polyphenolic compounds and 
vitamins as well as non-antioxidant compounds is even more 
poor. Palafox-Carlos reported phenolic acids are capable not 
only to donate hydrogen atoms to the radical but to donate 
electrons to regenerate other pro-oxidant phenols [35]. This 
regeneration mechanism maximizes the AOXC of the sys-
tem to reduce free radicals. According to Leopoldini et al. 
[38], phenolic compounds are capable to transfer electrons 
to other phenolics or antioxidants, promoting their chemical 
regeneration. It needs to be highlighted that tea is a source 
not only of catechins but also of other polyphenolics, e.g., 
polyphenolic acids or flavonoids.

The type of interaction determined on the basis of 
isobolographic analysis was confirmed by the values of 
interaction indexes (Table 2). They were calculated accord-
ing to the equation; IF = CA + CB, where  CA and  CB are 
the concentrations of the given components in the mixture 
dividing by its concentration having the same effect as the 
mixture [30]. The value of interaction index > 1 indicates 
synergistic effect; the value < 1 indicates antagonism, while 
the value equal to one means additional interactions. Most 
of the calculated interaction indexes are higher than one. 
There is no significant differences between the interaction 
indexes obtained for mixtures, in which GT is in the excess 

Table 1  The content of vitamin B6 and catechins in studied dietary supplements

Details regarding samples S1–S7 in experimental section

Vitamin B6 concentrations
[mg/tablet]

Catechins concentrations
[mg/tablet]

PA PL PP Producer value CAT ECAT EGCG Producer value

S1 1.43
 ± 0.070

 < LOD  < LOD 1.43
 ± 0.070

1.40  < LOD  < LOD  < LOD  < LOD Not given

S2 1.46
 ± 0.058

0.354
± 0.020

0.173
 ± 0.008

1.99
 ± 0.010

2.00 3.10
 ± 0.150

3.85
± 0.153

< LOD 6.95
 ± 0.278

Not given

S3 0.860
 ± 0.036

0.141
 ± 0.007

0.01
 ± 0.001

1.01
 ± 0.095

0.85 0.103
 ± 0.003

0.025
 ± 0.01

 < LOD 0.064
 ± 0.004

Not given

S4 1.59
 ± 0.060

 < LOD  < LOD 1.59
 ± 0.060

1.40 0.060
 ± 0.002

 < LOD  < LOD 0.060
 ± 0.002

Not given

S5 1.20
 ± 0.061

1.33
 ± 0.053

 < LOD 2.53
0.101

3.50 7.22
 ± 0.265

1.18
 ± 0.047

 < LOD 8.40
 ± 0.331

8.00

S6 1.21
± 0.059

0.151
± 0.007

 < LOD 2.72
 ± 0.108

1.40  < LOD  < LOD  < LOD  < LOD Not given

S7 0.183
± 0.007

0.070
± 0.002

 < LOD 0.253
 ± 0.010

0.200 0.746
± 0.028

0.420
 ± 0.021

 < LOD 1.17
 ± 0.070

Not given

Fig. 2  Isobologram for green tea extract and vitamin B6 in DPPH 
assay
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to vitamin B6 (10:1 and 5:1). In such case, antioxidant activ-
ity of GT itself is crucial. On the other hand, there is no dif-
ferences between interaction indexes obtained for the same 
concentration of both compounds in the mixture (1:1) and 
the highest concentration of vitamin B6 in comparison to 
GT (10:1). These two points lie under the isobola (Fig. 1.). 
Statistically significant effect is observed for the middle 
concentration range of both studied components. However, 
based on the values of interaction indexes, all these mixtures 
showed synergistic effect, which can be used for designing 
a new dietary supplements. Similar discontinuities, where 
some points on the isobola departed from the observed trend, 
were described earlier [31, 32]. Enko and Gliszczyńska-
Świgło received three points below the isobola, while the 
remaining ones indicated an antagonistic effect (position 
above the isobola) when the interactions between ascorbic 
acid and green tea were studied by DPPH assay [31]. Such 
phenomena were not observed when black tea extract was 
used for the studies. Similar results were obtained when the 
interactions between green tea and acetaminophen were 
evaluated [32]. In this case, two points indicated synergis-
tic effect, while other suggested antagonism. Many stud-
ies about the antioxidant potential of phenolic compounds 
in drinks or foods have concluded that it is impossible to 
predict the antioxidant power of a given product by study-
ing just one type of phenolic compound or other kind of 
antioxidants contained in the product, such as vitamin C or 
E. In some cases, the possible existence of synergistic and 
antagonistic effects between the various antioxidants present 
in plant foods and other products have been discussed [39]. 

Vitamin B6 exists in several forms––pyridoxine, pyri-
doxal, and pyridoxamine––which differ in a variable group 
present at one position; pyridoxine carries a hydroxyl group, 
pyridoxal an aldehyde group, and pyridoxamine has an 
amino group. All of them are subject to phosphorylation, 
but pyridoxal phosphate is considered as biologically more 
active [15]. The effect of the addition of different forms 
of vitamin B6 to the sample containing 10 mg/L of green 
tea extract was evaluated. The kinetic curves of scavenged 
DPPH radicals by such binary mixtures are presented in 
Fig. 3. Vitamin B6, regardless of a form, does not react with 

DPPH radicals, while for GTE, rich in catechins, a relatively 
fast initial decrease of DPPH absorbance followed by slow 
subsequent disappearance of this reagent can be observed. 
Faster DPPH radical bleaching kinetics were observed in 
the presence of increasing concentration of vitamins B6, 
particularly for pyridoxal. It suggested that the antioxidant 
interactions between these two components in mixtures are 

Table 2  Interaction indexes for 
green tea extract and vitamin 
B6 mixtures

Ratio GTE: 
vitamin B6

Interaction index

10:1 0.94 ± 0.038
5:1 0.92 ± 0.031
2:1 0.72 ± 0.025
1:1 1.09 ± 0.044
1:2 0.82 ± 0.033
1:5 0.62 ± 0.023
1:10 1.17 ± 0.045

Fig. 3  The kinetic curves of scavenged DPPH radicals by green tea 
extract (GTE, 10 mg/L) and its mixture with different forms of vita-
min B6: a pyridoxine (PE); b pyridoxal (PL), and c pyridoxal phos-
phate (PP)
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synergistic. For all tested forms of vitamin B6, the highest 
increase in antioxidant capacity was observed with the high-
est content of vitamin in the mixture (10 mg). It needs to be 
highlighted that green tea itself is a mixture of many com-
pounds, so the interactions between the extract and the vita-
min are complex. Many well-documented clinical reports of 
herb–drug interaction are described in the literature [40–44]. 
Such type of interaction may be more common than simple 
drug–drug interaction and more complex because herbal 
infusions contain multiple active ingredients. According to 
Mouly [40], the ingredients of herbs can alter drug absorp-
tion, distribution, and metabolism. On the other hand, this 
effect has an impact on the antioxidant capacity of the herbal 
infusion. The described interactions can be referred to the 
interactions of ingredients present in green tea with vita-
min B6. The observed differences in the interaction of tea 
with different forms of vitamin may be the result of differ-
ences in the structure of the molecule of individual forms 
of B6 vitamin. Several hypotheses have been postulated to 
explain synergy and antagonism in the antioxidant response 
[41, 42]. These effects generally depend on effective con-
centrations of the compounds, their polarity, as well as the 
reaction rate. More knowledge on these interactions and a 
deep understanding of their driving forces should lead to a 
better understanding of formulation strategies for improved 
delivery of bioactive compounds.

Green tea extracts containing a great source of antioxi-
dants are very popular as food supplements. One of them, S5 
(Cidrex Plus), according to its label contains 20 mg of GTE 
and 3.5 mg vitamin B6 (as pyridoxine). Figure 1S shows 
the kinetic curves of scavenged DPPH radicals by the con-
tent of S5 (Cidrex) capsule with pyridoxine additives. As 
can be seen, the mixtures with increasing amounts of vita-
min B exhibited higher antioxidant activity in DPPH assay 
than this capsule. However, this increase is dose dependent. 
Additionally, the presence of other components in that food 
supplement may have some influence of measured value of 
antioxidant activity.

Conclusions

These studies demonstrate the potential of application of 
ethanol as an organic component of mobile phase in HILIC 
mode in the separation of different chemical forms of vita-
min B6 and catechins. The influence of vitamin B on the 
antioxidant activity of green tea extract using DPPH assay 
was also shown. These results may be important from the 
point of view of supplementation. However, more studies 
are needed for better describing the catechins–vitamin B 
antioxidant interactions.
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